Introduction
including B[a]P, benzo [b] fluoranthene, and "PAHs as whole chemical compounds", among the 10 most hazardous substances [3] . High occupational exposure to PAHs has been observed among workers handling materials with high PAH content, including coke-oven workers, road workers laying asphalt, and those handling creosote plants [4, 5] . Meanwhile, PAHs are also found in cigarette smoke, diesel fuel, and cooked food, resulting in lowlevel chronic exposure to PAHs even among those without any occupational exposure risk [6, 7] . Moreover, residents in the vicinity of certain industries may also be exposed to PAHs emitted from factories. We assume the exposure level differs with regard to the type of factories in different countries. Bouchard et al observed relatively high urinary concentrations of α-and β-naphthol, which have been identified as metabolites of PAHs, among subjects living very near a creosote impregnation plant [8] . However, only a few studies have evaluated levels of non-occupational exposure to PAHs in industrial areas, and no work has yet been undertaken to compare the exposure of subjects living in the vicinity of a coke-oven factory in more than one site. We therefore considered it important to assess the difference between different nations in Asia in relation to the impact of living near such a facility on exposure to PAHs. The measurement of urinary 1-hydroxypyrene (1-OHP), a metabolite of pyrene (a common environmental PAH accounting for 11-18% of exposure) [9] , is regarded as a sound method for evaluating the level of exposure to PAHs, and has been used in a number of studies. Although pyrene itself is not carcinogenic, it is considered a good biological marker for PAH exposure because of the strong correlation between total PAH concentration and urinary 1-OHP [10] . While various methods for measuring 1-OHP in human urine have been developed [11] , the high-performance liquid chromatography (HPLC) method, introduced by Jongeneelen et al in 1987, has been widely adapted [12] . Although considered robust, this method still has some drawbacks. For example a urine sample of at least 10 ml is required for analysis, and the incubation time for enzyme hydrolysis is approximately 16 hours, rendering it unsuitable in certain contexts. Another issue with this method is its sensitivity. While its detection limit is 0.109 ng/ml, which is considered sufficient for detecting high-level exposures, this may be too high to detect low-level exposures. Given that the lowest reported median 1-OHP among non-occupationally exposed individuals was found to be 0.030 ng/ml, this implies that a more sensitive method with a lower detection limit is required to estimate these very low-level exposures [13] . Subsequent work has therefore been undertaken to improve this method. While Carmella et al and Chetiyanukornkul et al used internal standards such as 1-hydrozybenz[a] anthracene or deuterated 1-hydroxypyrene for more accurate measurement, these substances are often difficult to acquire or relatively expensive, rendering their method impractical [14, 15] . Although Kawamoto et al developed a simplified one-step pre-treatment method, the detection limit was 0.02 ng/ml, and exact concentrations could not be obtained for 8% of subjects [6] . This may have been due to impurities that affected the sensitivity. However, Mori et al were able to achieve a low detection limit of 0.0034 ng/ml using a modified version of Jongeneelen et alʼs method [7] . The objective of the present study was to evaluate urinary 1-OHP levels in non-occupationally exposed Japanese and Vietnamese subjects living in the vicinity of a coke-oven factory. We assumed that a highsensitivity measurement method would be required to estimate the urine concentrations of 1-OHP. Based on previous work, we modified Jongeneelen et alʼs method to determine the optimal test conditions.
Subjects and Methods

Urine sampling
We collected 10 ml spot urine samples from 10 nonsmoking office workers residing in Kitakyushu city, Japan (40.4 ± 10.8 years old) and a further 20 in Thai Nguyen city (39.2 ± 4.9 years old), Vietnam. Cokeoven factories are present in both cities, with the subjectsʼ workplaces and places of residence lying within a 10 km and an 8 km radius, respectively. Following collection, samples were kept in a freezer with dry ice while being transported to the laboratory, and then stored in a deep freezer (-80°C) until analysis.
Lifestyle questionnaire
A questionnaire was used to gather data on a range of demographic and lifestyle factors, including gender, age, physical activity, diet and cooking habits.
Analysis methods
We followed the methods proposed by Jongeneelen et al to measure urinary 1-OHP, with several modifications based on previous studies [6, 7, 12, 15] .
Chemical preparations
1-OHP and β-glucuronidase (143911 units/ml) were purchased from Sigma Aldrich Co. (St. Louis, MO, USA). Acetonitrile and methanol were purchased from Wako (Osaka, Japan). Sep-Pak Plus C18 cartridges were purchased from Waters Corp. (Milford, MA, USA).
Enzyme hydrolysis
One ml of each urine sample was mixed with 600 µl of 200 mmol/l acetate buffer at pH 5.0. This mixture was incubated with β-glucuronidase at 37°C. As several variations of this method have been used in previous studies with different volumes of enzyme and incubation times, we tried several combinations, including 20 and 50 µl of β-glucuronidase and incubation times of 2 and 14 hours, to determine the minimal essential conditions for deconjugation [7, 12, 15] .
Solid phase extraction procedure
The enzyme treated mixture was applied to a SepPark Plus C18 cartridge primed with 5 ml of methanol and 10 ml of distilled water. The cartridge was subsequently washed with 2.5 ml of 40% methanol. The retained solutes were eluted with 5 ml of pure methanol.
Evaporation
The eluates were dispensed into five tubes and evaporated using a centrifugal concentrator (Tomy Seiko Co., Ltd., Tokyo, Japan). The concentrates were diluted to 1 ml with methanol.
HPLC analysis
Each test solution (50 µl ) was injected into a HPLC column (TSK gel ODS-80TM, 5 μm, 4.6×150 mm, Tosoh Corp., Tokyo, Japan) equipped with a f luorescence detector (L-2300, Hitachi High-Tec. Corp., Tokyo, Japan). The wavelengths of excitation and emission were 242 and 388 nm, respectively. As a mobile phase, an acetonitrile-phosphate buffer (57: 43, pH 7.0) was delivered at a f low rate of 0.8 ml /min. The temperature of the column was kept at a constant 30°C.
Determination of concentration
We prepared 1-OHP standard solutions of several concentrations and drew a calibration curve by plotting these data, thereby allowing us to obtain the final concentrations of the test samples. These urinary 1-OHP concentrations were then adjusted for urinary creatinine excretion, and were expressed in units of ng/ mg creatinine.
Methodological evaluation and statistical analysis
We evaluated the measurements of the subjectsʼ urine samples in relation to lifestyle factors. In addition, we evaluated our measurement method by determining the recovery rate and the detection limit. To make our results comparable with those of previous studies, we recalculated all concentrations of 1-OHP in terms of ng/mg creatinine using the molecular weights of 1-OHP (218.3) and creatinine (113.1) if they were given in other units. The volume of excreted urine was assumed to be 1.5 l/day and excreted creatinine to be 13 mmol/day based on the findings of Hansen et al [16] . The factors used to recalculate the concentrations of 1-OHP in terms of ng/mg creatinine were: μmol/mol creatinine (×1.9); nmol/l (×0.146); ng/ml (×0.669); ng/mg (×0.984). Statistical analyses were carried out using SPSS version 21.0. The present study was approved by the Ethics Committee of Medicine and Medical Care of the University of Occupational and Environmental Health, Japan.
Results
Optimum conditions for hydrolysis
To determine the optimum conditions for hydrolysis, we tested two different volumes of β-glucuronidase (20 and 50 μl), and used 2 different incubation times (2 and 14 hours) to analyze 6 of the urine samples. The results showed no statistically significant differences between these test conditions, indicating that a 20 μl sample of β-glucuronidase and a 2 hour incubation time were sufficient (Table 1) .
Calibration curves
We prepared standard solutions at 9 concentration levels ranging from 0.01 to 1 ng/ml, obtained a chromatogram from each, and calculated the peak area. We then drew a calibration curve by plotting the peak areas against their concentrations, which showed a strong linear relationship between 1-OHP concentrations and peak area with a contribution rate of 1.0000. Additionally, to make sure of the linear relationship in the low concentration range, we divided the calibration curve by concentrations of 0.001 to 0.1 ng/ml and of 0.1 to 1 ng/ml, both of which showed good linear relationships (R 2 = 0.9978 and 1.0000, respectively) ( Figs. 1-A, B) .
Evaluation of the measurement method
Recovery rate
The recovery rate was calculated by obtaining the ratio of the peak areas of the standard 1-OHP solutions (1, 3 and 5 ng/ml) and the standard solutions with one of the urine samples. The mixtures of standards and the urine samples were preliminarily treated by hydrolysis, extraction and evaporation before HPLC. Subtracting the peak area of urine sample from those of the standard solutions and the urine sample, we calculated the ratio to the peak of standard solution. The average ratio of the 3 concentration levels was 83.5 ± 2.7%.
Method Detection Limit
Following the manual shown by the Ministry of the Environment, one of the urine samples was used to determine the Method Detection Limit (MDL) [17] . The sample was processed through the entire analytical method and measured 10 times. MDL was calculated by a formula of SD×t (n-1, 1%), where SD is standard deviation of the replicate analyses, and t (n-1, 1%) is the studentsʼ t value for a 99% confidence level and a standard deviation estimate with n-1 degrees of freedom, giving a result of 0.00448 ng/ml.
Estimation of subjects' urinary 1-OHP concentration
Using the methods described above, we determined the concentration of 1-OHP in the subjectsʼ urine samples. Figure 2 shows the chromatogram of standard 1-OHP and one chromatogram of a urine sample with the 1-OHP peak clearly distinguishable. Table 2 shows the median and quartile deviations of urinary 1-OHP concentrations for the Japanese and Vietnamese subjects. The median urinary 1-OHP concentrations were 0.069 ng/mg creatinine in the Japanese subjects and 0.417 ng/mg creatinine, approximately 6 times higher, in the Vietnamese subjects. At the same, however, we found no significant differences in lifestyle factors or gender distribution.
Discussion
Methodological evaluation
This method allowed us to achieve a very low detection limit of 0.00448 ng/ml, lower than that found in a number of previous studies. This allowed us to determine the 1-OHP concentrations of all the samples collected, which ranged from 0.028 to 0.140 ng/mg creatinine. We found concentrations lower than 0.05 ng/ mg creatinine, lower than the detection limit achieved in previous studies, in 4 out of 30 subjects. This method therefore allowed us to provide accurate measurements even when evaluating very low-level exposure to PAHs. Though requiring 5 ml of urine sample, Mori et al, showed a lower detection limit than ours, 0.0034 ng/ml, but this slight difference is not considered to be a big disadvantage since both values are low enough by far to evaluate low-level exposure [7] . In addition, we used acetonitrile-phosphate buffer in our method for the mobile phase to stabilize pH, because we found that unstable pH was one of the probable causes of obtaining unstable chromatograms. We also adjusted the ratio of acetonitrile and phosphate buffer to 57: 43, which was the best condition to isolate a single peak of 1-OHP. We consider that these arrangements enabled us to analyze 1-OHP with high sensitivity requiring only a small amount of urine sample. The requirement of only 1 ml of urine sample and 2 hours of incubation time make this method highly suitable for measuring large numbers of samples. Furthermore, we did not use internal standards such as 1-hydrozybenz[a] anthracene or deuterated 1-hydroxypyrene, which are difficult to produce in-house or expensive to purchase. The observed recovery rate was 83%, which was not very high, although the standard deviation was 2.7%, implying that our method is stable.
PAH exposure among subjects
Measurements of urinary 1-OHP in controls without any occupational exposure have been undertaken in a number of countries. These studies were not limited to industrial areas (Table 3 ) [6, 10, 13, 15] . In our study, the median concentration of urinary 1-OHP of the subjects in both Japan (0.069 ng/mg creatinine) and in Vietnam (0.417 ng/mg creatinine) were far below the 2.66 ng/mg creatinine threshold proposed by Jongeneelen et al, below which no effects are expected among non-smoking subjects without occupational exposure [18] . This suggests that the probability of adverse health effects among our subjects due to PAH exposure was very low.
Comparing the 2 countries, the mean concentration of urinary 1-OHP in the Vietnamese subjects was six times as high as that in the Japanese subjects. This may be a result of the rapid industrialization occurring in many Vietnamese cities, which has led to severe air pollution from both factories and vehicles. One previous air sampling study reported significantly higher concentrations of PAHs in Vietnam (Ho Chi Minh) than in Japan (Osaka), particularly for harmful 5-, and 6-ring PAHs [19] . The authors identified the primary source of the pollution as emissions from motorcycles and automobiles, which may also have elevated the exposure to PAHs in our study. Second, coal is still widely used as a fuel in Vietnamese homes, which may also have contributed to higher exposure to PAHs. Additionally, the difference between the 2 countries in the amount of PAHs contained in food, especially meat, might have affected the 1-OHP level, because the Vietnamese subjects who consumed meat less frequently showed less difference in 1-OHP level from the Japanese subjects. However, we didnʼt measure the PAHs in the food in this study, so that speculation is unconfirmed.
The urinary 1-OHP concentrations in the Japanese subjects in our study were relatively low compared with those found in other advanced countries [15] . However, when compared with other previous studies in Japan, the values found among residents of Kitakyushu were around twice those from other urban areas, including Kanazawa and Tokyo [6, 15, 18] . Several possible factors should be considered for these twofold measurements. First, Van Rooij et al mentioned that 99% of total daily exposure to pyrene was from dietary exposure [20] . However, even if there may be some individual differences, the dietary habit in Japan is not much different collectively among regions. Secondly, as the urban scales of these cities are similar, it can be assumed that the traffic volume and the emission from vehicles are not much different among the 3 areas. Thirdly, we didnʼt investigate the subjectsʼ family history of smoking habit, but as the subjects were working in non-smoking offices, the inf luence of passive smoking was limited. Finally, considering that neither Tokyo nor Kanazawa is located in an industrial area, emissions from the factories might have affected the PAH level in the subjects in Kitakyushu. Therefore, although ambient air pollution was said to have only a minor effect on PAH exposure in previous research, our results suggest that ambient air pollution is also an important source of exposure, particularly among populations living in or near industrial areas [20] . Likewise in Vietnam, recent work has found a mean urinary 1-OHP concentration of 0.463 ng/ml (0.310 ng/mg creatinine) among residents of Hanoi, one of Vietnamʼs largest urban areas but with no coke oven factory [21] . Even though smokers were included in their study, the 1-OHP concentrations among nonsmoking residents in Thai Nguyen (0.417 ng/mg creatinine) were found to be higher, suggesting that ambient air pollution from the nearby industrial area caused elevated exposure to PAHs. Therefore, we considered that the subjects in our study in both Kitakyushu and Thai Nguyen were exposed to some extent to PAHs emitted from coke ovens, and the subjects in Thai Nguyen were further exposed to PAHs presumably from vehicle emissions or cooking.
Relationships between urinary 1-OHP and lifestyle factors
Previous studies have shown that PAHs are present in grilled or fried food, especially meat, which could elevate urinary 1-OHP concentrations [19, 22] . However, the present study detected no significant differences in urinary 1-OHP according to diet, cooking methods, gender or physical activity in either country. Although we found a positive association between increased meat consumption and median urinary 1-OHP concentrations among the Vietnamese subjects, the effect was not statistically significant.
Conclusion
This improved measurement method for estimating urinary 1-OHP concentrations among subjects with very low-level PAH exposure is rapid, highly sensitive, practical, and requires only a small amount of urine sample. Urinary 1-OHP levels in the Vietnamese participants were shown to be 6 times higher than in the Japanese participants, which we consider to be the result of higher levels of PAH exposure from vehicle emissions, cooking and ambient air pollution.
The urinary 1-OHP levels in the study participants without occupational exposure to PAHs in both countries were far below the guideline level, implying a very low probability of negative health effects resulting from exposure to PAHs. 
